Recently, the relation between the masses of the black hole (M BH ) and the host galaxy (M host ) in quasars has been probed down to the parameter space of M BH ∼ 10 8 M ⊙ and M host ∼ 10 11 M ⊙ at z < 0.5. In this study, we have investigated the M BH -M host log-linear relation for a sample of 37 quasars with low black hole masses (10
INTRODUCTION
Supermassive black holes (SMBHs) ubiquitously reside in the centres of massive galaxies (e.g. Kormendy & Richstone 1995; Richstone et al. 1998) . However, it is still debated as to what is the mechanism that drives the formation of the black hole and how the black hole is responsible for shaping the evolution of its host galaxy. A wealth of observations have shown that there is a very tight correlation between the mass of the SMBH, MBH and the large scale host galaxy properties, such as the stellar velocity dispersion σ * , the luminosity of the host galaxy L host and the mass of the host galaxy M host (e.g. Kormendy & Richstone 1995; Ferrarese & Merritt 2000; Gebhardt 2000 ). This indicates a strong link between the evolution of the host galaxy and its central black hole (e.g. Hopkins (2011) for contradicting views). In this context, accretion plays an important role by allowing the growth of BHs and thus causing the gas lying in the outskirts of the host galaxies to cool through feedback processes. This process quenches star formation. Consequently, galaxy mergers may also cause gravitationally induced dynamical instabilities, triggering bursts of star formation and gas inflows, thus fueling the BH activity (Kauffmann & Haehnelt 2000; Di Matteo T., Springel & Ilernquist 2005; Canalizo et al. 2007; Bennert et al. 2008; Cisternas et al. 2011) .
Estimating the MBH of galaxies beyond the local Universe is challenging, because the radius of influence of the BHs can be resolved only for the most nearby galaxies, whereas more distant sources require indirect tracers of MBH . Typically, the only available indirect tracer of MBH is only applicable for Type-1 AGN, based on a virial estimate of the velocity and size of the broad line re-gion (BLR) from the broad emission-line widths and continuum luminosity (Peterson & Wandel 2000; Vestergaard 2002; Vestergaard & Peterson 2006; Decarli et al. 2010a ). This method has allowed to estimate the MBH from singleepoch spectra in ∼10 5 quasars up to z ∼ 5 from SDSS spectra (Shen et al. 2011 ) and in additional quasars up to z ∼ 6 (Willott, McLure & Jarvis 2003; Kurk et al. 2007; Willott et al. 2010; De Rosa et al. 2011) . On the other hand, the host galaxy properties can be more easily derived from analysis of deep imaging observations.
In Decarli et al. (2010a) and Decarli et al. (2010b) we studied an extensive sample of quasars at 0 < z < 3. Of these, 64 quasars are at z < 1, and most of these quasars have MBH 10 9 M⊙. More recently, in Decarli et al. (2012) we studied 25 quasars, most of them lying within 10 8 < MBH (M⊙) < 10 9 at z <0.5, and found a large fraction of these quasars to have disc-dominated host galaxies. In Decarli et al. (2012) we showed that the linear MBH -M host relation holds in quasars over a range of 2 dex in MBH , from 10 8 M⊙ to 10 10 M⊙. For quiescent galaxies and low-luminosity AGN at low-z, MBH -M host relation has been explored down to MBH ∼ 10 5 M⊙ (Greene & Ho 2007; Thornton et al. 2008; . However, little is known about the black hole mass -bulge mass relation for very low-mass quasars. This study extends the study of Decarli et al. (2012) by investigating the MBH -M host mass relation down to MBH ∼ 10 7 M⊙ and up to z < 1.0.
The outline of the paper is as follows. In Section 2 we discuss how the black hole masses were estimated using the virial theorem to select the samples. In section 3 we discuss the observations, data reduction and analysis. Section 4 presents the results and discussion. In section 5, we present the conclusions of this work.
All the work in this paper has been performed assuming the following cosmological parameters: H0=70 km s −1
Mpc
−1 , ΩΛ=0.7 and Ωm=0.3 .
SAMPLE SELECTION AND VIRIAL BLACK HOLE MASS ESTIMATION
The quasars were selected using the following criteria: (1) classification as quasars in the SDSS database, based on optical spectra with S/N (Signal-to-noise ratio) >10; (2) virial black hole masses of MBH < 10 8.3 M⊙, calculated using the MgII emission line width and continuum luminosity from the SDSS spectra (Shen et al. 2011 ), following the method described in detail in Decarli et al. (2010a) ; (3) the presence of at least two luminous stars within 1 ′ projected distance from the quasar, so that the characterisation of the Point Spread Function (PSF) could be achieved with high enough precision and (4) the presence of at least two standard stars in the quasar field available in the 2MASS database for photometric calibration. About 200 quasars fulfilled these criteria, from which the final sample of 37 quasars were selected based on observability constraints and to cover as homogeneously as possible the distribution of redshift, black hole mass and quasar luminosity. extension to lower BH masses afforded by the present study.
The black hole masses of the quasars, selected from the SDSS database, were estimated using the virial theorem. To estimate the size of the BLR, we have assumed the relations between the radius of the BLR and the AGN continuum luminosity, which are calibrated using reverberation mapping results for nearby AGN (e.g. Kaspi et al. 2005; Grier et al. 2012) . The continuum luminosity, together with the MgII emission line width contribute to provide the black hole mass estimate. The spectral analysis follows as performed in Decarli et al. (2010a) and De Rosa et al. (2011) . We model the AGN continuum with a power-law, a Balmer pseudo-continuum, and a template of the FeII emission (Vestergaard & Wilkes 2001) . Since individual features of the FeII multiplets are typically heavily blended, we fix their width to the fitted MgII line width. The continuum is fitted in a wide spectral region around MgII (2500-2750Å and 2850-3000Å) and subtracted from the observed spectra. The MgII line is then fitted with two gaussian curves. The line width and the luminosities are measured from the best fit model. The continuum luminosity is interpolated at 3000 A over the best fit power-law component. The corresponding scale radius of the BLR is computed as RBLR/(10 light days) = (2.52 ± 0.30)[λL λ (3000Å)/(10 44 ergs −1 )] (0.47±0.05) . Black hole masses are thus derived as:
where, we assume f =1.6 as the geometrical factor accounting for our ignorance of the BLR dynamics and orientation. The value of f =1.6 is adopted in this work from Decarli et al. (2008) derived for f H(β) , assuming that
MgII and H(β) emitting regions share a similar geometry (De Rosa et al. 2011) .
IMAGING OBSERVATIONS, DATA REDUCTION AND ANALYSIS
The H -band imaging observations of the quasars were obtained using the 2. 
Data Reduction
Data reduction was performed using the NOTCam quicklook package based on IRAF scripts 1 . A mask file obtained from the NOTCam bad pixel mask archive was employed to mask the bad pixels in the image frames. Flat fielding was performed using a normalised median combined masterflat obtained from a pair of sky flats. For sky subtraction, a scaled sky template was produced from a list of dithered flatfielded image frames. Finally, the flat-fielded, sky-subtracted images were aligned to within sub-pixel accuracy and combined to obtain the final reduced co-added image. Zero point calibration was performed by cross-matching the photometry of field stars with the 2MASS database in the H -band.
2D image analysis
To derive the properties of the quasar host galaxies, we have used 2D model fitting of the surface brightness distribution, assuming that the image of the quasar is a superposition of the nucleus and the surrounding nebulosity. To perform this 2D data analysis, an IDL 6.0 based software package called AIDA (Astronomical Image Decomposition and Analysis) (Uslenghi & Falomo 2011 ) was employed. The nucleus is described by the local PSF of the image and the host galaxy is modelled by a Sersic law convolved with the PSF. Our analysis carefully follows similar modelling strategy as described in detail in Decarli et al. (2012) .
PSF modelling
The modelling of the PSF is crucial to estimate the emission from the nuclear source against which the extended light from the host galaxy will be observed. In order to model the PSF, we employed multiple field stars within the frame of each quasar, that were bright enough to model the faint PSF wing. For the selection of the field stars, we preferentially chose stars with the smallest FWHM and ellipticity and having brightest magnitude in the field. Contamination near the regions close to the stars, including companions, saturated pixels or other defects were carefully masked out. The selected stars were each modelled with four 2D gaussians and an exponential feature. The gaussians and the exponential feature represented the core of the PSF and the extended PSF wings, respectively. A circular annulus centered around the stars was used to calculate the local background. The final PSF fit region was selected after defining the internal and external radius of the circular area. This allowed us to remove the cores of bright, saturated stars. Typical uncertainty in the PSF model is ∼0.3 mag. For a detailed discussion on the PSF characterisation, see Kotilainen et al. (2007 Kotilainen et al. ( , 2009 ).
Host characterisation
After modelling the PSF, in order to distinguish between the resolved and unresolved quasars, the images of the quasars were first fitted with a pure PSF model. If there was extended emission observed in the residuals or if the residuals showed a significant excess over the PSF shape, in a region relatively far away from the nucleus (typically between 1 ′′ -2 ′′ ), then we considered the quasar to be resolved. The resolved quasars were further fitted with a two component (PSF + galaxy) model. The fitting was performed using the Sersic model convolved with the PSF to describe the host galaxy and a scaled PSF to describe the nucleus. To evaluate whether the quasar is resolved, marginally resolved or unresolved, we investigated the χ 2 ratio of the fits (see Table 2 ), statistically providing the amount of deviation of the PSF + galaxy model from the pure PSF fit. For a resolved quasar, the PSF + galaxy model is expected to be better than the pure PSF fit. In most cases, the ratio is above 1.1 for resolved quasars, around 1 for unresolved quasars and between these values for the marginally resolved quasars. In some exceptional cases, the values represented by the χ 2 ratio are not sufficient to characterise whether the quasar is resolved or not. Therefore, we conducted additional visual inspection of the profiles, examples of which are shown in Figure 2 , to robustly ascertain whether the PSF + galaxy fit was better than the pure PSF fit. For the unresolved quasars, we visually determined the upper limit to their host galaxy luminosity by adding increasingly bright galaxy models to the PSF model, upto the point where the model profile became inconsistent with the observed profile within the observational error bars. There are four quasars which fit neither the resolved, nor the unresolved class, and we classify them as marginally resolved cases. An example of the output of this analysis is shown in Figure 2 . For a detailed discussion on the host galaxy characterisation, see Kotilainen et al. (2007 Kotilainen et al. ( , 2009 .
In Table 2 , it can be seen that the Sersic index ns for a large fraction of the quasars tends to be either 0.90 or 5.00, the extreme values considered by the AIDA pipeline. However, Table 2 shows also that 50% of the marginally resolved quasars have well-defined (i.e. not extreme) Sersic index values, indicating that there are no systematic errors. We also note that ns does not show inverse correlation with the effective radius, as would be expected if the pipeline were erroneously identifying a PSF with broad wings as a small bulge. The 2D model fitting with AIDA provides us with the apparent host galaxy magnitudes in the H -band. These apparent magnitudes were converted to the rest frame Rband absolute magnitudes, using the elliptical galaxy template from (Mannucci et al. 2001) to estimate the required K -correction. Then the R-band absolute magnitudes of the host galaxies were converted into stellar mass, assuming the mass-to-light(M/L) ratio of a single stellar population originating at z burst =5 and passively evolving down to z =0 (Decarli et al. 2010b ).
Error Estimation
The errors associated to the parameters of the best fit depend on a number of assumptions based on the effective observing conditions (e.g. for the residual uncertainty of the background subtraction which particularly affects near-IR images) that are not always well understood. Moreover, a number of systematic effects can further introduce uncertainties. The best way to estimate the uncertainties of the fitting parameters, is to produce simulated images of the objects to try to achieve similar parameters and conditions, as those from real observations and thereby to evaluate the uncertainty of a given parameter by analysing multiple mock observations. In order to perform such a test for each object, we produced simulated images of the targets assuming the best fit parameters and the noise level derived from the real observations. The instrumental setup was fixed by the values of pixel scale, read-out noise, gain, exposure time, number of combined exposures and the zero point of the calibration. The simulated images were produced using the AETC tool 2 and then analysed with AIDA using the same conditions adopted for the analysis of the real images but not using in- formation about the true parameters of the target. For each target, we performed 25 simulations and then compared the distribution of the parameters with those derived from the best fit of the real data. It turned out that the total magnitude of the objects always lies within a few millimagnitudes, whereas for the host galaxy magnitude the typical uncertainty ranges from 0.2 magnitude for well resolved sources to 0.6-0.8 magnitude for the marginally resolved sources. We also report that the uncertainties in the effective radius for well resolved objects are within 20-30% in most cases, while for marginally resolved objects the uncertainty can be as high as 80%. The most critical parameter is the index ns of the Sersic model.
RESULTS AND DISCUSSIONS
Out of our sample of 37 quasars with low mass black holes, 21 (57%) are resolved, 4 (11%) are marginally-resolved and 12 (32%) remain unresolved. We have produced the full quasar sample with BH masses up to MBH 10 10 M⊙ by including all the quasars at z < 1 from Decarli et al.(2010a,b; 2012) . The MBH -M host relation up to z <1.0 is shown in Figure 3 . As can be seen, the full quasar sample defines a linear relation. However, the quasars with MBH < 10 8 M⊙ deviate from the relation defined by the quasars at MBH > 10 8.2 M⊙ and the local relation (Marconi & Hunt 2003) . The MBH -M host relation becomes indeed steeper and slightly tighter at the lowest BH masses, causing the linear relation to apparently break down at MBH ∼ 10 8.2 M⊙. The best bilinear regression fits of the entire sample of resolved quasars (eq. no. 2) and for resolved quasars with MBH > 10 8.2 M⊙ (eq. no. 3) are given as: log MBH 10 8.5 M⊙ = (1.46 ± 0.25) × log M host 10 11.7 M⊙ + (0.24 ± 0.11) (2) log MBH 10 8.5 M⊙ = (1.03 ± 0.24) × log M host 10 11.7 M⊙ + (0.43 ± 0.10) (3) Such a break in the relation could in principle be caused by a systematic a) underestimation of MBH and/or b) overestimation of M host , at low BH masses. We believe that neither explanation is likely, as a) BH masses based on SDSS spectra have been shown to be robust in numerous previous studies (e.g. Rafiee & Hall 2011; Labita et al. 2009) , and the amount of uncertainty required to explain the break is much higher than the expected uncertainty in deriving MBH . As for case b), the majority of our sample quasars are well resolved, leading to a robust determination of the host galaxy luminosity/mass (e.g. Falomo et al. 2014 ). In addition, the amount of systematic error would require an order of magnitude underestimation of the PSF model. Hence, the most likely reason for the apparent break in the MBH -M host relation below MBH ∼ 10 8.2 M⊙ is due to significant disc contamination.
Disc correction was therefore performed for quasars having disc components because bulge mass is better correlated with MBH than the disc mass or the total host galaxy mass. Due to the seeing-limited spatial resolution of groundbased observations, accurate decomposition of quasar host galaxies at high-z into bulge and disc components is practically impossible. However, the Sersic index ns can be used to estimate the galaxy morphology such that, ns ∼ 1 indicates disc-dominated galaxies whereas, ns ∼ 4 indicates elliptical galaxies. Simard et al. (2011) performed bulge-disc decomposition of ∼10 6 galaxies from the SDSS by analytical estimation. Decarli et al. (2012) followed similar analytical approach which is also adopted in this work, for correcting the disc component.
for ns < 4 The above analytical equation for disc correction can be used to estimate a range of B T values for ns < 4. No disc correction is required for ns 4, i.e. pure spheroidal galaxies. Figure 4 shows the MBH -M bulge relation after performing the disc correction. A detailed summary of our results is shown in Table- 2. The best bilinear regression fit of the MBH -M bulge relation (after disc correction), considering all the resolved quasar samples is given as: log MBH 10 8.5 M⊙ = (0.97 ± 0.15) × log M host 10 11.7 M⊙ + (0.44 ± 0.11) (5) The slope of the relation becomes indeed flatter than the slope of the relation without disc correction. After correcting for the disc contamination, the best fit of the relation is in very good agreement with the local relation, indicating that the apparent break in the regression fit is caused by disc dominated galaxies.
It is evident from Fig. 4 that the quasars from Decarli et al. (2012) corrected for the disc contamination are in similar mass scales in M bulge as our disc corrected quasars. The overall scatter of the relation does not change significantly after the disc correction. Consecutively, logΓ (≡ M BH M host ) increases from -2.98±0.0511 to -2.74±0.0536. It is worth to note that this study extends the parameter space of the disc-corrected relation up to ∼3.5 dex in both MBH and M bulge towards the low-mass end.
Galaxies can be classified based on their surface brightness profiles as core-Sersic galaxies (typically massive and luminous having undergone dry mergers) and Sersic galaxies (typically less massive; M host 3 × 10 10 M⊙). Scott, Graham & Schombert (2013) found the best bilinear regression fits for nearby core-Sersic and Sersic galaxies as MBH ∝ M host respectively. This study includes eight resolved quasars that can be classified as Sersic galaxies. Furthermore, 62 quasars from Decarli et al. (2010a) and Decarli et al. (2010b) and 18 quasars from Decarli et al. (2012) can be classified as purely core-Sersic galaxies and three quasars as purely Sersic galaxies. It is worth to mention that for our quasars with disc dominated host galaxies, their bulge masses are considered. The bilinear regression for core-Sersic and Sersic galaxies in this study up to z<1 extending into the low mass region are given as MBH ∝ M 0.80 In accordance with the morphological analysis and the bulge + disc decomposition performed in this work, we find that ∼3/4 of all the resolved and marginally resolved quasars possess significant disc components. Since most of these quasars lie below the local relation, we can infer that, for these bulges to increase and fit themselves with the local relation, a mechanism is required that would redistribute the stellar content of the galaxy. Such a scenario has already been encountered in the previous low-mass quasar studies, e.g. Schramm & Silverman (2013) and Decarli et al. (2012) . This makes it vital to correct the host galaxy masses for the disc component, to consider the bulge component only. Recently, Kormendy, Bender & Cornell (2011) and Sani et al. (2011) have suggested that galaxies that lie below the log-linear MBH -M host mass relation of inactive galaxies, are evidently pseudobulges. On the contrary, Graham (2012) argues that galaxies hosting low-mass SMBHs are not pseudobulges, but rather an overlooked case of non-log-linear nature of MBH -M host relation for classical spheroids. Although the relation for the Sersic galaxies in our study is steeper than for the core-Sersic galaxies, as seen in the previous discussion, we do not find evidence for a "break" in the slope, as advocated by Graham (2012) and Scott, Graham & Schombert (2013) , as we find that a single log-linear relation is recovered after the disc correction. The secular evolution of galaxy discs can allow the stars and gas within the galaxy to redistribute themselves in response to instabilities. In that case, mergers are not a likely scenario responsible for the stellar redistribution in the discs. Similarly, found for a sample of 147 nearby active galaxies with MBH ranging between 10 5 M⊙-10 6 M⊙ that a higher fraction of galaxies were disc-dominated likely containing pseudobulges, evolving secularly. Our results are consistent with those by Kormendy, Bender & Cornell (2011) and , who found that high-mass pseudobulges with MBH > 10 7 M⊙ follow the MBH -M host correlation. Only at lower masses, which our quasar samples do not probe, the pseudobulges start to deviate from the BH-host correlation. Decarli et al. (2010b) found evidence for strong evolution in Γ in their large sample of high mass quasars, increasing by a factor ∼2 from z =0 to z =1 (logΓ increases from -2.91 to -2.63). At lower masses, we find that the logΓ , considering the bulge component (i.e. disc-corrected galaxy masses), evolves from logΓ ∼ −2.39 ± 0.12 at z =0.286 in Decarli et al. (2012) to logΓ ∼ −2.98 ± 0.12 at z =0.653 in this work, i.e. a decrease in Γ by a factor ∼3.5. There is, however, a marked difference in the MBH distribution of the samples, so it is not possible to ascertain how much of the observed evolution, if any, is due to real redshift evolution.
CONCLUSIONS
The MBH and host galaxy properties of a sample of 37 low-mass quasars were combined with 89 quasars from the literature up to z < 1.0 and up to MBH < 10 11 M⊙, to investigate the relationship between BH-mass (MBH ) and host galaxy mass (M host ). From this study we conclude that:
1. There is an apparent break at MBH ∼ 10 8.2 M⊙ in the MBH -M host relation.
2. The host galaxies of ∼75% of the quasars in our sample of low-mass quasars, is dominated by a disc component.
3. After correcting for the disc component, the linear MBH -M bulge relation holds over the entire parameter space [(10 6.9 -10 10.4 MBH (M⊙))∼3.5 dex for MBH and (10 9.5 -10 13 M bulge (M⊙))∼3.5 dex for M bulge ].
4. The MBH -M bulge relation is in very good agreement with the local relation after disc correction.
5. We discuss the scenario of secular evolution of discs of galaxies being responsible for the relatively strong disc domination.
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